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A PRESSURE INDICATOR ^^^j^^^^ 
Introduction 

The present Invention relates to a simple and reliable Indicator which can be produced 
cheaply in very small sizes for an optical indication of a pressure difference In 
particular, the invention relates to a pressure indicator of the Icind which Is applicable 
in a feed-line for indicating flow or for indicating a flow direction of a fluid medium. 

Background off the invention 

Pressure is typically indicated as a relative measure using standard units, e.g. bar, psi 
etc. In some applications, pressure sensors are inserted in a number of feed-lines to 
indicate a flow direction of a fluid medium. Often, such applications require no exact 
measure but merely an Indication of the presence of a pressure difference over an 
element of the feed-line, e.g. indication of a pressure difference over a pump for 
detection of pump activity or indication of a pressure drop over a valve for detecting 
the state of the valve. In general, mechanical pressure sensors transform a pressure 
difference into mechanical movement of a scale or a pointer for a scale The 
mechanical layouts of such sensors typically include one or more small, mechanically 
movable elements which are Joined In bearings and mounted in a chassis which is 
large enough to house and protect the elements. Depending on the need for accuracy 
and reliability, all elements are machined within nan-ow tolerances and, accordingly, 
the cost for making traditional pressure sensors is high, not least for making very 
small sensors, e.g. tor medical applications. Moreover, due to the mechanically moving 
elements, the reliability of traditional sensors may easily be Influenced by external 
conditions such as changing temperatures or rough handling. 

Description of the invention 

It is an object of a prefon-ed embodiment of the present invention to provide a 
pressure indicator which Is simple to produce even with small outer dimensions and 
which provides reliable Indications under various external conditions. Accoidlngiy, the 
present invention, in a first aspect, relates to a pressure Indicator for indicating a 
pressure difference between a pressure PI of a first chamber and a reference 
pressure, said indicator comprising a pressure chamber having a sidewall with a 
substantially transparent inflexible first wall part arranged at a distance from a flexible 
second wall part, the chamber containing an optically detectable fluid under influence 
Of the reference pressure, characterised in that the second wall part is arranged to 
separate the optically detectable fluid from the first chamber and to deflect upon a 
pre^ure difference between PI and the reference pressure, said deflection changing 
the distance between the flrst and second wall parts thereby displacing the optically 
detectable fluid In the pressure chamber. 
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L"«cSl^dlll"^T^.?''^ '""""^ ""^ '^^"^^ ^^"^^^ ^ displacement of the 
opbcaHy detectable fluid, a pressure difference between the fluid medium and the 
reference pressure Is detectable via the fluid. meaium ana the 

transparent r^aterlal such as glass. The second wall part could be a very thin and 
S^te^^d^rr '^"^ °^ 

IftuJ^^? ^T^Z ""^^ ^"""""^ ^ compressible fluid content allowing the volume 
of the pressure chamber to change upon the deflection of the second wall part 
Preferably, however, the pressure chamber Is filled with a liquid In W^^^^e 

Ib^dlmenT .H*"" "'T V""' "^^"^^ ^'^"^"^^ ^^^^ Lstant TnTs 
wTlf otr«J;K " *° '^^"^^ deformation of other 

chlhl I '"^.T'^ tl^e shape of the pressure 

chamber changes while the volume is constant. During the change In shape the 

s wTth :r::t" t '7: •'^'^^ s;:?« the cha-b- 

w^T^^h2 ^T"; ^f^*''* the Change in distance is optically visible by 
watching the "thickness" of the detectable fluid layer between the two wall parts 

The reference pressure is the Internal pi«ssure of the pressure chamber which acts on 
the second wall part and which thus counteracts PI. The reference press^r^n 
formed In many ways examples of which are: 

- The pre^ure rtiamber can be made to exert a certain counter force against 

llZf "^^"'P'"' '"^^ ^^^'^^'^^ he made f^m a 

SS^li r ^"""'"^ deformation of the second wall part, 

flexes under the exertion of a certain resistance, 

" rnuiH'^"'^ "^^T"^"" ""^^ ^" "'^'^^""y oP«" t"be comprising a 

liquid column of the opOcally detectable fluid, which column provides the 
reference pressure, 

- the pressure chamber may be connected t» a source of pressure, e.g. a 
compressor, e.g. via a throttling valve for adjusting the reference pressure, 

" dlt/rl^w" « T""^/" ""^^ '^"'^^ ^'"^ ^ '"h^^d of a "quid optically 

detectable fluid and a compressible gas, y 

" nrL^iT ""^r^r '"''^ ^""'^'y ''^^^ ^" °P«"'»9 to*^^"'^ 'he external 
pressure, e.g. the atmospheric pressure, or 
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- the pressure chamber may have a third wall part of a flexible material, e.g. a 
very thin membrane, e.g. equal to the second wall part In size, shape and/or 
material and arranged to separate the pressure chamber from a second 
chamber holding a pressure P2. InherenUy, this embodiment when combined 
S with a pressure chamber filled with an incompressible fluid, results in counter 

phase movements of the second and third wall parts deflecting Inwardly into 
the chamber or outwardly out from the chamber, respectively. Which of ttie 
surfaces deflect inwardly and which deflects outwardly depends on PI relative 
to P2. 

10 In any of the above described embodiments, the Indicator can be made with means 
for adjusting the reference pressure, e.g. by adjusting the height If the liquid column, 
by adjusting a throttling valve, or by regulating the pressure P2. 

In particular, the last mentioned embodiment. Incorporating a third flexible wall part, 
allows the pressure Indicator to be inserted in parallel with a pump, a valve or any 

15 other component of a feed-line wherein the Intake and outlet sides of the component 
Is connected to the first and second chambers, respectively. For use In such 
applications. It Is of particular Interest to make the second and thirxi wall parts with 
equal characteristics, i.e. with same size, shape, thickness and of the same material 
and In particular so that application of equal pressures results in equal deflections of 

20 the second and third wall parts. In some applications, e.g. when PI differs much from 
P2, the second and third wall parts could be made differently to balance partly or 
completely tiie expected differences between the two pressures, Pl and P2. As an 
example, the pressure indicator can be Inserted In parallel with a high pressure pump 
which Is designed to give a specific pressure difference between the Intake and outlet 

25 side thereof. The pressure indicator may thus be designed with second and third wall 
parts which completely balance the pressure difl'erence which the pump is supposed to 
provide. In this case, any mal-fUnctlonIng of the pump leading to a higher or lower 
pressure difference can easily be detected by visual inspection of the optically 
detectable fluid between the first wall part and the second and third wail parts, 

30 respectively. 

In order to allow easy detection of deflection of the second and the third wall parts 
simultaneously and furthermore to allow an easy and cheap manufacturing of the 
pressure indicator, the second and third wall parts may be formed In congruent 
planes, e.g. in one and the same wall of the pressure chamber. In order to further 

35 facilitate easy surveillance of the pressure Indicator, the first wall part can be made 
from a transparent and preferably plane material, e.g. glass, arranged In a plane 
which Is parallel to the planes of the second and thirxi wail parts. The pressure 
indicator could be made in a three layers structure comprising two layers of glass 
arranged on each side of a layer of silicon. Prior to the assembling of the layers into 

40 one piece, a surface pattern forming the pressure chamber can be formed In a surface 
of the silicon layer while the opposite surface optionally is made with a surface pattern 
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forming the first and second chambers, respectively. The surface structures of the 
silicon layer may be formed In micro-scale e.g. by etching 

After the assembling of the three layers, the pressure chamber is filled with the 
optica l y detectable fluid through a small hole and depending upon Se plclpte for 
providing the reference pressure, the small hole may be sealed hermetically 
afterwards. The optically detectable fluid may preferably be a light absorbing fluid 
such as Ink, e.g. a dark ink such as black, blue or red ink. 

nlT«frf^LHr'''!""°"'V^*^* ^'tf' ^ "medical dispensing apparatus, the 

T i f !! M "If ^ ""^^ °^ ^ Even though the 

optically detectable fluid Is encapsulated by the membrane, i.e. the second waH part! 

safety may be improved further by using an optically detectable fluid which is 
innoxious to living creatures and human beings. 

"^^Tlil T^tr!" ^'^^^^'^'"^ «f tl^e ^o^d wall part and/or the third wall 
part visib e. the thiclcness of the Ink layer could be kept low. Accordingly, the distance 
between the first and the second wall parts may be chosen In the range^f 5-100 pr^ 
when the pressure dWerence is zero. » a *wu pm. 

I'tL^^rlTn rt*^"^*"® embodiment, the first wall part Is Inspected visually either by 

n^ Z^ n^^llZ ""T" """'^'^ «"»«r surface of the 

first wall part. If the reflectivity of the surface or the colour of the surface changes, 

Sl?!!i?«hr"^^ ^^^^^'^ ''^^ P'^"""'^^ P^«=5"^« <=hamber and the 

ohTnn 'k'?'' '"'u^- '^"«'»9«"'"y' ^ third wall part and a second chamber 
H /k H ^ n reflectivity or between colour of areas above the second 

and third wall parts, respectively, Indicates pressure changes between the first and 
second chanibers respectively. In any case, if the Indicator is Inspected visually, it is 
r^ulred that the first wall part comprises a window which is permeable to visible light. 
The wmdow should be placed above the second wall part, and with regarxls to 
r^miTTh^ °I """'"^ '"corporate a third flexible wall part and a second 

chamber, the window should extend to cover also the thlnl wall part or an additional 
window Should be provided. The second and optionally third wall part(s) need not 
cfnf^'.T n f^nsparent but could be made in a colour or reflectivity which Is in 
contrast to the colour of reflectivity of the optically detectable fluid. 

In order more easily to detect the displacement of the optically detectable fluid from 
the areas between the first wall part and the second wall part and optionally between 
the first wall part and the third wall part, the pressure indicator may have second 
and/or third wall parts which is/are substantially transparent, and optionally, a light 
source, e.g. an LED could be arranged on one side of the pressure chamber for 

^Z^Tl ! "f^I V^*"^ "^"'^ third wall part, through the 

optically detectable fluid and through the first wall member. In that way. It Is easy to 
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detect the distance between the wall parts by detecting the absorption of light throuoh 
the pressure chamber. 

In a preferred embodiment, an array of indicators accoreling to the previous 
description is formed in a three layer structure comprising two glass layers arranged 
on each side of silicon layer. The silicon layer can be produced efficiently by use of 
etching and after assembling of three layers forming a large number of pressure 
indicators, the three layer structure may be split into units comprising a number of 
pressure indicators selected for a specific application. 

Detailed description of the invention 

In the following, a preferred embodiment of the invention will be described in further 
details with reference to the drawing in which: 

Fig. 1 shows a cross-sectlonal view of an optical pressure indicator accorxling to the 
present invention. 



Fig. 2 shows a preferred embodiment of a pressure indicator wherein pressure 
difference is detected via two flexible wall parts. 

Fig. 3 shows a top view of the pressure indicator of Fig. 2, 

Rg. 4 shows a top view of a pressure Indicator with two Indication windows for the 
reference fluid and one, centrally located window fbr the fluid medium. 

Fig. 5 shows an array of pressure Indicators, and 

Fig. 6 shows an electrical sensor device arranged to detect colour or light Intensity 
variations of the pressure indicator according to the Invention. 



Referring to Fig. 1, the pressure indicator for detecting a pressure difference between 
a fluid medium and a reference pressure comprises a pressure chamber 1 having a 
first wall part 2 and a second wall part 3. The first wall part: is transparent and could 
be made from a glass plate. The second wall part 3 Is a flexible membrane formed by 
etching a part: of a silicon plate 4 away. A first chamber 5 Is separated from the 
pressure chamber via the flexible second wall part 3. Via the inflow and outflow 
channels 7, 8, the first chamber is In fluid communication with the fluid medium in 
question. The channels are formed In the plate 6, e.g. by drilling. Due to the 
arrangement of the flexible membrane between the pressure chamber and the first 
chamber, the membrane can be deflected either inwardly Into the pressure chamber 
or outwardly out from the pressure chamber by a pressure difference between the 
internal pressure of the pressure chamber and the external pressure of the fluid 
medium In the first chamber. Due to the deflection, the distance between the glass 
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ooil^lv^^TnZ the pressure chamber is filled with an 

Ts l^lc^llv d^re h. ? ^ ^ ^-S- •"•<' tl^^ <=hange In the distance 

IS optically detectable by detecting changes In absorption of light oasslno throunh ^h! 

p;:rs::: c!;::b:: y '^'^^^^^"^ ^ intensity or the^JiSi'^ntS^nr' 

a^^Ln^n^Z """f^' "^'^ ^'^^^^'^^ *he changes In 

absorption of light or colour Intensity, the pressure Indicator can be made from layers 

thin L^T. 1?': ^ "y^'" ^^'^'"a '•^^ part 3 made as a ve^ 

mL of ^ transparent silicon membrane and a third layer 6 which couW^e 

mo?e eaXfo d'etTr PO<yacnrlate, polymethacrylate etc. In order 

more easily to detect the colour intensity or absorption of light, a light source e a an 

" ^^'^^ - - -"-t Hg^ht^" 

prLlu^re'Than'^^ h^^^^ of a pressure Indicator allowing an easier detection of 
FlH inth! nl 2 ' " 's disclosed In 

with t;,! na^ ,7""":^;"^'«t'"- ^^^^ Fig- 2, the pressure chamber 1 Is elongated 
mlhr^n^ 1 ' ^^^'"P^^^^ « tWrd wall part 23 In the form of a flexible 

membrane. A second chamber 25 containing a reference fluid under a referent 
pressure IS arranged below the third wall part. The second chamber Is In S 
commumcatlon with a reference fluid storage via the channels 27 28 T^e I L 
sources 9 29 are optional. The filler hole 22 Is provided merely for flill^^ uXe 
r„H. "^T^^' ""''^ ^'etectabie fluid during making of the pressure 

ore«urI T 7' 'T"" •^^""^"cally thereafter. When the filler hoVe ls ^e^^^^^^^ the 
pressure chamber is no longer in fluid communication with the surroundings In this 

c^am^ersT T ""^T" ""'^ «>"tained in the flSd se^nd 

chambers 5, 25, respectively, will cause deflections of the second and third wall part^ 
In opposite directions Inwardly Into the pressure chamber or outwaX f~m^e 

aXThe iZ /h ^ ^ •'-twee" 

^d/or the light absorption may be inspected through the glass plate of the first wall 

part 2 above the second and third wall parts, respectively 

In Rg. 3 a pressure Indicator of the kind disclosed in Fig. 2 is shown In a top view The 
iTth "h" "TJ^V" ^^'^'''^ ""'d the form Of rblar^nr 

wall part (numeral 3 in Figs. 1 and 2) Is larger than the pressure of the reference fluid 
medium which influences the third wail part (numeral 23 In Rg 2^ A^rtTnorv thL 

chamber, and the second wall part is shorter than the corresponding distant beLeen 

formed above the second wall part and a dark spot formed above the third S oart 

frild^r mask^o^^^^^^^ '"^^^'^ '^^'^ windows 32, 33 
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side m . s,ng,e lil^?^^:^!^^':^"'' f""""" 

on each side of a silicon lawMe^ci^f^-fT^™' ""^ *^ ^"^ "^^ '•S 

con.^rt™„r^'4v«ir;i^r.rrr:s:io:?r^^^^^^^^ 

connecting channels 50, 51 and 52 The RuulZ Z! ^ ^'^"'^''^^ ^'^ 

Channels 53 andir«Tbfcor^^^^^^ ^-^^"g 
e.g. on each side of a fluid pump a th™wo T f ^ ^^'"PO"^"* of a "uid feed-line, 
user of the feed-line can vallate wheth^^^^^ "^"^ P'^"^"^^ « 

the pressure of the feed-ime I e w^et^er l^^.^'^'^^'^f' '^^^^"^ 
activated. The arranXent if mJl '^T"' ^ "'^"'^ «"T>Ponent Is 

more easily to 9^ anTe^^wTfTl^^ side-by-slde allows a user 

shows a top view of the p^u,^ l^d^l«^«^^^^^^ °' F«fl 5 

Channel 53 Is lower than'tlTp^^^^^^^^ T'TJ''' ^"^^^ '"^^ 

pressure at the feed-channel ^7!!^^ ^ '^^^^''^^^'annel 56 and wherein the 
This leads to a th^iSerofootil^ . T^^^^^^^ '^'^^"'"^ '^'^ feed-channels 58. 
43 Which herebrapVrd^^^^^^^^^^ T compartments 41 and 

compartment 4LNcrheita^^^^^^^ 

th:'rrru;;a"rtr;^^^^^^^^ -P'^ Vsuanv inspecting 

reflected from the seconCTnd oXa V T^T ^'^'"^ '''' 

Indicator with an electrical sensor is disclosed ^* ^ ^ "'^"^"''^ 

and a receiver 62 The tran^mit^J! *"^*='°f®**- sensor comprises a transmitter 61 

..9na.. e.,. .i.hto„^rrdr64Ts:'t^s "^^t ^^-""■^-"^ 

the membrane and thus upon the di.,ni«~l . * u '^P«"<**"9 "PO" We deflection of 

or less Of the transmTttL sTnaMs ab^^^^^^^ 1 '"'''^"^ ^'^'^^^"'^ 

Signal which has ber^fleS^d b/J^e Lrf^^^^^^ T''^' 

the pressure difference between thrprSs^rroftte flu^ T^' representative of 

pressure. In an alternative emboSmenTthTtra^^^^^^ '"''^''^"^ 

side Of the pressure indicator . tran::irerr:«^h^^^^^^^^ 
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CLAIMS 

rhTmhr "^j^'^'^' « P'^sure difference between a pressure Pi of a 

fl« chamber and a reference pressure, said Indicator comprising a pressure chamber 
having a sidewall with a substantially transparent inflexible flist wall part a7rangeTat 
Ltir^H? «T ' "."'^"'^ P"^' <*amber containing an opticatly 

22nd w^.f lit". '' '"""r" °' ^"'"••""^^ P^^^^"^' characterised m that the 
chamber and to deflect upon a pressure diflterence between PI and the reference 

'heSbrdirJ,' ''^"^'"^ ''^'^"^ and seSn "waS parts 

thereby displacing the optically detectable fluid in the pressure chamber. 

L'lrn^**!^'**' Recording to claim 1, wherein the deflection of the second wall part 
changes the volume of the chamber. 

fiusteble'^''''' ^"^ ' "^^^"^ P-^s^re is 

tiil^d^w^H'^^r ^"^'li"^ P'^^^'"^ ^'^""5' farther comprising a flexible 

rhambr h«^^ ^'^"'^ « ^'^^•^^^ the second 

cnamber holding a pressure P2. •^s^m*^4 

Ltl '"If"'"'" t* <^«'"» 4' ^»>ereln the second and third wall parts have 

equal surface areas towards the first and second chambers, respectively, 

equa" sXn^s. "^'"^ ^' ^"^ "^"^ P^^^ '^^^'^ 

a^^Hn'^?;^*"*' ^^^'^'''^ '^^''"^ th»^<' wall parts are 

arranged in congruent planes. » oie 

8. An indicator according to claim 7, wherein firet wall part Is arranged In a plane 
which is parallel to the planes of the second and third wall parts 

Ltc.Ir '"i''^'!'; '° ^"^ '^'^ ^'^•"S wherein the reference 

chamter. ^ ^ gas/atmospheric pressure external to the 

madt"from'^lai^*^'^'"^ ^"^ ""^^ Preceding claims, wherein the first wall part is 

ILt '^tT^' '° ^"^ ''^^ "•'^^'"9 Wherein the second wall 

part is made from silicon. 
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^""^ •""^^'^'"9 t^e optically 

detectable fluid is a light absorbing Huid. 

liquid" "9^' ^^^'^'^''^ a coloured 

JLt!'Jh.f?^?"°„"!l?^ ^"^ *='^""«' «'»^«'-e'n the optically 

detectable fluid Is a fluid which is innoxious to living creatures and human beings. 

^^^'^^'"9 *° 'he preceding claims, wherein the distance 
P^Tr^ ^j;^e^i;rs ^e^ -^^^ When the 

fi^t an^fhlTr^'n'''"^ ^-^5' between the 

firs^and the th.rd wall parts is in the range of 5-100 pm. when the pressure difference 

isU^^^nS^tTaCr^^^^^^ '^"^^''"^ ~ ^'^^ "^"^ 

19. An indicator according to any of claims 16-18, farther comprising illuminating 
th™ h^'Tk'T '^"^ ^"'^^ ^'^^ ^"-^^^^ ^'''^^ ^««=ond wall part, through 

20. An Indicator according to any of the preceding claims, having a stacked 

S^a ^^STavnl''""." f "^^ 'T' " ^^""^ '^Ver made of silicon 

culr!^ I? '^y^'^ '^^^•■"a substantially plane 

toi^rd^t « f . ^ '^'T'' '^y^-- « "-^t surface structure 

towards the first layer and a second surface structure towards the third layer, wherein 
the first surface structure forms the pressure chamber and the second sur?2; 
structure forms the first chamber. surrace 

21. An Indicator according to daim 20, wherein the second wall part Is formed 
integrally m the second layer. iisrormeo 

formed bJ'SX""''"' *° '^^^ ^~ct"re is 
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23. An array of Indicators according to any of the preceding claims and formed In a 
three layer structure comprising two glass layers arranged on each side of silicon 
layer. 



15499DK00/ A pressure Indicator /02.06.2003 



Patent- og 
Varemaerkestyrelsen 

0 2 JUNI 2003 




